Abstract. Long non-coding RNAs (lncRNAs) have been generally considered to serve important roles in various types of cancer, including gastric cancer. However, a comprehensive understanding of lncRNAs in gastric cancer requires further study. The present study performed an in-depth study revealed 50 differently expressed lncRNAs. The changed cellular pathways and biological process in gastric cancer were determined. To further confirm the functions of the differently expressed lncRNAs, co-expression networks were constructed between the lncRNAs and mRNA; this lead to the identification of 6 modules, which participated in various cellular pathways. In addition, 2 lncRNAs were identified which were associated with clinical outcome. The biological analysis and experimental evidence suggested that LINC00982 inhibited, while LL22NC03-N14H11.1 promoted the proliferation of gastric cancer cells. These lncRNAs may be considered as potential prognostic factor in gastric cancer.
Introduction
Gastric cancer is one of the malignant tumors with highest mortality all over the world, especially in East Asia (1) . Many patients have missed the best time for diagnosis and treatment when they are certainly diagnosed, resulting in the metastasis of tumor cells and developing into the terminal stage of cancer. Nowadays, lack of efficient biomarkers for early diagnosis, comprehensive treatment and cancer monitoring has been considered as one of the main obstacles for better prognosis of gastric cancer (2) . As a result, it is of great importance to further explore the molecular mechanism during the occurrence and development of gastric cancer, hoping to provide new strategy for diagnosis, prognosis and treatment (3) .
During the recent years, non-coding RNAs have been generally concerned because of their diverse roles in the post-transcriptional regulation and they are considered to have great influence on human diseases (4) . Long non-coding RNAs (lncRNA) are one of the functional non-coding RNAs, which have more than 200 nucleotides, and they are usually lack of open reading frames and the ability of coding proteins (5) . LncRNAs are located in both cell nucleus and cytoplasm, and involved in the regulation of several cellular events, such as cell development, proliferation, apoptosis and so on (6) .
More and more lncRNAs have been reported to be tightly connected with the occurrence and development of malignant tumors (7) . These lncRNAs are proved to be engaged in the imbalanced gene regulation and aberrant biological processes (BPs) that contribute to malignant transformation. Especially, the functions and therapeutic potential of cancer-related lncRNAs have been greatly focused in the past few years. To this end, we consider that the overall knowledge about lncRNAs in gastric cancer needs to be fully elucidated.
In our study, we analyzed the qualified public data from He et al study (8) and identified 50 differentially expressed lncRNAs in gastric cancer. We adopted the systems biology-based approach of weighted gene co-expression network analysis (WGCNA) to construct a co-expression network about these lncRNAs and mRNAs, and identified 6 significant co-expression modules. Next, we carried out Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis to predict the possible functions of the lncRNAs in modules. Besides, to further confirm the roles of these lncRNAs in gastric cancer, we performed survival analysis and found two of the lncRNAs could be considered as prognostic factors, one of which was novel. In all, our study identified several gastric cancer-related lncRNAs, confirmed their biological functions, and most importantly, we found LINC00982 and LL22NC03-N14H11.1
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were associated with patients' survival time and could be considered as potential prognosis for gastric cancer. Besides, we performed cis, trans or ceRNA regulation analysis and found the potential target genes of these two lncRNAs were mainly involved in the proliferation of gastric cancer cells. For further validation, we overexpressed or downregulated the lncRNAs in gastric cancer cell lines and found that LINC00982 inhibited while LL22NC03-N14H11.1 promoted the proliferation of gastric cancer cells. As a result they can be considered as hopeful prognostic factors in gastric cancer.
Materials and methods
Collection of gene expression datasets. Data preprocessing and microarray data were downloaded from Gene Expression Omnibus (GEO) database (www.ncbi.nlm.nih.gov/geo/) under the accession number GSE79973 (8) . This dataset was acquired from the study by He et al (8) . Totally, 20 samples were included in this dataset, which consisted of 10 gastric cancer samples and 10 normal samples. We used array Quality package to quality control and limma package to apply raw data in R software. The normalization criteria were quantile normalization. Genes having fold-changes ≥2 and FDR <0.05 were selected as of significantly differential expression (9) .
Enrichment analysis. To conduct enrichment analyses, the package clusterP rofiler (version 3. 5. 5) of R (version 3.4.0) was used for analyzing the KEGG pathways and GO processes, and DOSE (version 3.3.2) of R (version 3.4.0) as was used for Gene Set Enrichment Analysis (GSEA) (10, 11) .
WGCNA. WGCNA is a typical systemic biological method for describing the correlation patterns among genes and identifying modules of highly correlated genes by using average linkage hierarchical clustering coupled with the topological overlap dissimilarity measure based on high-throughput chip data or RNA-Seq data (12) . In current study, WGCNA package (version 1.60) in R was used to construct lncRNA-mRNA co-expression network and identify modules based on the expression levels of the differentially expressed mRNAs and lncRNAs. The gene modules were signified by different colors and the grey module showed the genes that cannot be merged (13) .
LncRNAs function prediction. Cis-regulation target genes were predicted based on the nearby genes of lncRNAs and we chose the promoters that located in the 1M bp regions around the lncRNAs as potential target genes by Bedtools and hg19 as reference genome (14) . Trans-regulation target genes were predicted by the sequence of lncRNAs based on RBPDP, and relative score >80% was used to select potential target genes (15) . Co-expression target genes were predicted by the psych package in R (version 3.4.0) to calculate Pearson correlation coefficient between genes and two lncRNAs. The absolute value of co-expression coefficient >0.7 and P-value <0.05 were used to select co-expression genes. The construction of ceRNA network was as followings: i) We predicted the potential target microRNAs of the lncRNAs through RegRNA 2.0 (16); ii) Then, we analyzed the differential expression of the microRNAs that got from 1 in gastric cancers through The Cancer Genome Atlas (TCGA); iii) Next, we found the potential target genes of the microRNAs based on miRTarBase (17); and iv) Finally, the target genes and lncRNAs were used to construct ceRNA network when the co-expression coefficient was >0.7 (9) . Cell transfection. For overexpression of LINC00982, the coding region was PCR-amplified from cDNA generated from the SGC-7901 cell line and was subcloned into a PINCO retroviral vector. For knocking down LL22NC03-N14H11.1, we firstly designed the lncRNA specific small interfering (si)RNAs (the sequence is 5'-GCA CUC ACC UACA CGU UUA GG-3'), and cloned it into plko.1 vector. SGC-7901 cells (1x10 5 per well) were inoculated in six-well plates and cultured for 24 h. The cells were transfected with LINC00982-overexpression and the corresponding negative control, or the siRNAs targeting LL22NC03-N14H11.1 and the corresponding negative control retroviral vectors using Lipofectamine 3000 transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) following the manufacturer's instructions.
Cell proliferation assay. An MTT assay was used to determine the cell proliferative capacity after overexpression of LINC00982 or down-regulation of LL22NC03-N14H11.1. In brief, transfected cells (2x10 4 cells/well) were seeded into 96-well culture plates and cultured in RPMI-1640 medium containing 10% FBS. After culturing the seeding cells for 12, 24, 48 or 72 h, MTT reagent (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added to each well, followed by incubation at 37˚C for an additional 4 h. Subsequently, 150 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was added to dissolve the crystals for 10 min at 37˚C. The spectrometric absorbance at 490 nm was measured by an EnSpire Multimode Plate Reader (PerkinElmer, Inc., Waltham, MA, USA).
Flow cytometry. Anti-mouse-ki-67-PE flow cytometric antibody (eBioscience; Thermo Fisher Scientific, Inc.) was purchased from eBioscience. And the intracellular staining of ki-67 was performed by the eBioscience™ Foxp3/Transcription Factor Staining Buffer Set (eBioscience; Thermo Fisher Scientific, Inc.), following the manufacturer's instructions. Briefly, cells were incubated with the mixture of fixation/permeabilization concentrate and diluent (at the ratio of 1:3) at 4˚C for 2 h. Then after washing with fixation/permeabilization buffer, cells were incubated with anti-mouse-ki-67-PE flow cytometric antibody for 0.5 h in 4˚C. Finally, the cells were washed and analyzed by BD FACSCanto™.
Reverse transcription-quantified polymerase chain reaction (RT-qPCR) analysis.
Total RNA was extracted from cells with GenElute™ Total RNA Purification kit (Sigma-Aldrich; Merck KGaA) according to the manufacturer's instructions. Then the RNA was reversely transcribed into cDNA with PrimeScript™ RT reagent kit (Takara Bio, Inc., Otsu, Japan). RT-PCR reactions were carried out with SYBR ® Premix Ex Taq™ II (Takara Bio, Inc.) using an ABI Prism 7700 Sequence Detector. Relative mRNA expression levels were calculated by normalizing the relative cycle threshold value to the control group after normalization to the internal The x-axis was ranked by the fold-change of different expression gene. The peak represents the genes which enrich in the pathway or GO term, and the area of peak showed the gene number which enrich in the pathway or GO term. The color represents the significance and the 20 most significant GO and Kyoto Encyclopedia of Genes and Genomes pathways are shown. FC, fold-change; GSEA, Gene Set Enrichment Analysis; GO, Gene Ontology; lncRNA, long non-coding RNA; FDR, false discovery rate. Statistical analysis. Statistical analyses were performed using R (version 3.4.0; https://www.r-project.org/). The GSE15459 dataset, which includes 200 gastric cancer samples, together with lncRNA and mRNA expression and clinical information, were used to analyze the associations between lncRNA expression signatures and the corresponding overall survival in patients with gastric cancer (19) . Survival curves were constructed with the Kaplan-Meier method and the log-rank test was used to determine survival differences between groups. The survival data were evaluated by univariate and multivariate Cox regression analyses to search for independent prognostic factors. P<0.05 was considered to indicate a statistically significant difference (20) . When two independent groups were compared, if the data was normally distributed, an unpaired Student's t-test was used.
Results

Differentially expressed mRNAs and lncRNAs in gastric cancer.
Based on the qualified data from He et al study (8) , we identified the lncRNAs related to gastric cancer through GenCode V24 (21) . By the criteria of FDR <0.05 and fold-change >2, we identified 953 mRNAs and 50 lncRNAs differentially expressed in gastric cancer compared with para-carcinoma tissues. As a result, 499 mRNAs and 14 lncRNAs were upregulated, and 454 mRNAs and 36 lncRNAs were downregulated ( Fig. 1A and B) .
GSEA identified important pathway and GO in gastric cancer.
We assumed that the 50 differently expressed lncRNAs we identified might be involved in various cellular pathways in gastric cancer. To figure out the issue, we firstly run GSEA to identify the dysregulated pathways and BP in gastric adenocarcinoma.
Through KEGG pathways, we found 9 upregulated enrichment pathways, including DNA replication, Proteasome, Nucleotide excision repair and 11 downregulated enrichment pathways, including Neuroactive ligand-receptor interaction, Pancreatic secretion, Gastric acid secretion and so on (Fig. 1C) . Further, we also conducted GO BP analysis to assign pathways and functionally classified the dysregulated genes. As shown in Fig. 1D , 20 GO BP term, such as mitotic cell cycle phase transition, and ncRNA metabolic process, were significantly enriched.
Construct lncRNA-mRNA co-expression network and predict the function of key lncRNAs. Co-expression analyses of protein-coding RNAs and lncRNAs reflect the potential function of lncRNAs (22) . To further confirm the functions of lncRNAs in gastric cancer, we used WGCNA to construct a co-expression network for both mRNAs and lncRNAs that were identified as differentially expressed. We identified 6 co-expression modules in which the highly co-expressed mRNAs and lncRNAs were clustered in the same module ( Fig. 2A) and we specifically identified 14 differently expressed lncRNAs in all the modules (Fig. 2B and Table I ). The co-expression network from WGCNA as showed in Fig. 2C and hub-genes in different modules were listed in Table II . In order to further explore the functions of the module, we performed GO enrichment and KEGG pathway analysis and found several dysregulated pathways, such as mitotic nuclear division, extracellular structure organization, extracellular matrix organization, ECM-receptor interaction or cell cycle, which were key signal pathways in cancer generation or development (Fig. 3A and B) .
Identify lncRNAs that is associated with apparent clinical outcome.
To further investigate the role of these lncRNAs in gastric cancer, we compared the expression of the lncRNAs from different modules, and chose the lncRNAs which changed similarly in different datasets for further analysis (Table III) . Then we used GSE15459 to identify lncRNAs associated with clinical outcome (19) . Univariate cox survival analysis was performed to analyze the association of clinico-pathological variables, including sex, age, clinical stage, and the lncRNAs' expression with clinical prognosis. Moreover, further multivariate cox analysis showed that LINC00982 expression (P= 0.026) and LL22NC03-N14H11.1 expression (P= 0.015) were independent prognostic indicators for gastric cancer patients' overall survival (Table IV) . Kaplan-Meier survival analysis was used to show the relationship of the two lncRNAs expression level and pathology grade on patients' survival time ( Fig. 4A and B) .
P o t e n t i a l m e c h a n i s m s o f L I N C 0 0 9 8 2 a n d LL22NC03-N14H11.1 in the regulation of gastric cancer cells.
Next, we explored the potential mechanisms of LINC00982 and LL22NC03-N14H11.1 in the regulation of gastric cancer cells. Firstly, we forecasted the two lncRNAs potential target Table III . The expression of lncRNA in different datastes. genes by cis or trans regulation analysis (Tables V and VI) . We found LINC00982 could regulate target genes through potential ceRNA network (Fig. 5) , but not the same with LL22NC03-N14H11.1. The microRNAs that could bind to LL22NC03-N14H11.1 were not differently expressed in gastric cancers, and these microRNAs were not co-expressed with the target genes of LL22NC03-N14H11.1. This was not accord with the principles of ceRNA network and suggested that LL22NC03-N14H11.1 could not regulate gastric cancer through ceRNA regulation. Then we used enrichment analysis based on the potential target genes to forecast potential pathways that the two lncRNAs may be involved in. The results showed that both LINC00982 and LL22NC03-N14H11.1 may be involved in drug metabolism, ECM-receptor interaction, cell cycle, focal adhesion and other pathway in cancer (Table VII) . According to previous studies, cell cycle, ECM-receptor interaction and focal adhesion are important pathways to regulate cell proliferation which play an important role in different cancers, so we further inquiried the ability of the two lncRNAs in regulating tumor cell proliferation (23, 24) .
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LINC00982 and LL22NC03-N14H11.1 have opposite roles in proliferation of gastric cancer cells.
To further confirm the functions of LINC00982 and LL22NC03-N14H11.1 in the regulation of gastric cancer cells' proliferation, we decided to construct overexpressed or down-regualted cell lines for the two lncRNAs. As our previous bioinformatics analysis revealed that LINC00982 was reduced while LL22NC03-N14H11.1 was increased in gastric cancer cells (Table III) , we overexpressed LINC00982 and knocked down LL22NC03-N14H11.1 in gastric cell lines SGC-7901 respectively (Fig. 6A) . Then we performed MTT assay and flow cytometric analysis and found that the proliferation as well as the expression of ki-67, which acts as a key marker for cell mitosis, were impaired in LINC00982 overexpressed and LL22NC03-N14H11.1 down-regulated SGC-7901 cell lines respectively ( Fig. 6B and C) . These experimental results provided solid evidence to support our conclusion that LINC00982 inhibited while LL22NC03-N14H11.1 promoted the proliferation of gastric cancer cells.
Discussion
LncRNAs are endogenous, lncRNAs that participate in the regulation of diverse cellular process and a great many evidence demonstrates that the abnormal expression of lncRNAs might serve as potential diagnostic and prognostic factors for cancers (25, 26) . In this study, we made a deep analysis of the data from He et al study (8) , and identified 50 differently expressed lncRNAs in gastric cancer cells. Then we carried out the GSEA and found that several cellular pathways were changed in gastric cancer, which suggested that the differently expressed lncRNAs might be involved in these pathways.
In order to further verify the functions of these differently expressed lncRNAs, we used WGCNA to construct a co-expression network including these lncRNAs and the associated mRNA, and figured out 6 co-expression modules, which involved 14 lncRNAs. The co-expression network revealed that these 14 lncRNAs were functional, for they were related with various protein-encoding mRNAs. To further elucidate the functions of these lncRNAs, we performed KEGG pathway analyses and GO enrichment analyses, and found the modules were tightly associated with mitotic nuclear division, extracellular structure organization, extracellular matrix organization, ECM-receptor interaction or cell cycle, which were the key pathways involved in cancer generation and development.
LncRNAs can be considered as independent indicators for prognosis and we also identified two lncRNAs, -N14H11.1  TPTEP1, CECR7, OR11H1, POTEH, POTEH-AS1, LINC01297, DUXAP8, BMS1P18,  BMS1P17, BMS1P22, CCT8L2, ANKRD62P1-PARP4P3, LOC101929350, XKR3, HSFY1P1,  GAB4, IL17RA, CECR6, LOC100996342, CECR5  LINC00982  PRKCZ, PRDM16, CFAP74, MORN1, PLCH2, MMEL1, TTC34, MEGF6, TP73, GABRD,  LOC105378591, FAAP20, SKI, LOC100129534, RER1, PEX10, PANK4, HES5, LOC115110,  TNFRSF14, LOC100996583, FAM213B, ACTRT2, LINC00982, MIR4251, ARHGEF16,  MIR551A, TPRG1L, WRAP73, TP73-AS1, CCDC27, SMIM1, LRRC47, CEP104 , DFFB, C1orf174, LINC01134, LINC01346 LINC00982 and LL22NC03-N14H11.1, associated with apparent clinical outcome in gastric cancer. LINC00982 is located on chromosome 1p36.32 and has two transcript variants. In previous study, Fei et al found that LINC00982 functioned as an inhibitor of cancer cell's proliferation and arrested cell cycle partly via regulating P15 and P16 protein expressions (27) . As a result, they identified LINC00982 as a prognostic biomarker in gastric cancer, which was consistent with our current results. This also proved that our bioinformatics analysis process was highly reliable. On the other hand, we also identified LL22NC03-N14H11.1 as a potential prognostic marker for gastric cancer. LL22NC03-N14H11.1 is located on chromosome 22 and encodes a transcript of 694 bp, however it has never been reported in any study. Here in our study, we found it was highly expressed in gastric cancer and formed the blue module in the co-expression network we constructed, which was involved in the cell cycle related cellular process, including sister chromatid segregation, nuclear chromosome segregation, mitotic nuclear division, chromosome segregation and so on. As a result, we assumed that LL22NC03-N14H11.1 might promote the proliferation of cancer cells, leading to the generation or development of gastric cancer.
To further explore the mechanisms of LINC00982 and LL22NC03-N14H11.1 in the regulation of gastric cancer cells, we performed in-depth analysis on the cis, trans or ceRNA regulation of the lncRNAs in gastric cancer cells. It turned out that the potential target genes of the two lncRNAs were mainly involved in the proliferation of gastric cancer cells, which was consistent with our previous analysis. Besides, in order to provide solid evidence for their roles in the proliferation, we further reversed the expression of LINC00982 and LL22NC03-N14H11.1 in gastric cell linces SGC-7901 with genetic interference. The results completely supported our conclusions that LINC00982 inhibited while LL22NC03-N14H11.1 promoted the proliferation of gastric cancer cells. We believe our findings possess important value, because we may control the proliferation of gastric cancer cells artificially by interfering the expression of LINC00982 and LL22NC03-N14H11.1.
In all, our study contributed a comprehensive knowledge about lncRNAs in gastric cancer and hopefully, LL22NC03-N14H11.1 and LINC00982 might be potential prognostic indicators and clinical targets for gastric cancer.
